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Abstract

The herb Arctotheca calendula (capeweed) is reported as a new record for Iran.
A detailed description, a distribution map, colour photographs of an herbarium
sample, and diagnostic features are provided to facilitate identification. The species
was first observed in 2017 in the Miankaleh Biosphere Reserve, one of the thirteen
UNESCO Biosphere Reserves in Iran. Since 2017, the A. calendula population has
been thriving and locally expanding. As capeweed is generally described as an
invasive species with negative impacts, having both high reproductive potential and
highly mobile propagules, we suggest prioritizing an eradication intervention for
this alien weed before it becomes too widespread.

Key words: Capeweed, Miankaleh Biosphere Reserve, rangeland weed, environmental
alien

Introduction

Invasions of alien species are detrimental to the conservation of many
different ecosystems and habitats (Vila et al. 2011; Rai and Singh 2020;
Pysek et al. 2020; Morelli et al. 2021). However, coastal ecosystems (Carboni
et al. 2010; Bazzichetto et al. 2018; Tordoni et al. 2021) and the protected
areas within these ecosystems (Williams et al. 2019) are under threat in
many parts of the world, and in many cases, severe degradation has been
documented as a result of plant invasions (Campos et al. 2004; Medina
2006; Brundu et al. 2015).

Here, we report the first record of Arctotheca calendula (L.) Levyns,
inside the Miankaleh Biosphere Reserve, which is one of thirteen Iranian
Biosphere Reserves (UNESCO 2021), located along the south Caspian Sea
coast in northern Iran.

Arctotheca calendula, belongs to the Arctotideae tribe, and the Arctotidinae
subtribe of the Asteraceae family; this species is native to South Africa
(McKenzie et al. 2006) and is extensively naturalized in Australia, likely
because of accidental introductions as a contaminant of stock fodder and
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packing straw (Wood 1994). It has also been introduced in many other
regions of the globe, such as in the Mediterranean basin (e.g., Algeria, Italy,
and Spain), in several European countries and on parts of the American
continent (Verloove and Sanchez Gullén 2008; Brundu et al. 2015; Hamel
et al. 2020). Capeweed is listed as a noxious weed in the USA and is
described as a weed of cereals, oilseed rape and legume crops in Australia,
where it causes severe yield losses. Moreover, A. calendula reduces the
forage values of natural and artificial pastures, where it becomes dominant
and negatively affects the value of livestock by reducing their weight
(Brundu et al. 2015). Furthermore, ecological impacts have been described
in California, where A. calendula is reported to efficiently compete with
other species for water and space and to seriously threaten native plant
communities by crowding out grasses, herbs, and small shrubs, particularly
in coastal grasslands and riparian zones (Brundu et al. 2015).

Materials and methods

Field surveys and identification of the alien species

This alien plant was first detected in 2017 in the Miankaleh Biosphere
Reserve in northern Iran, next to the South Caspian Sea coast. The invaded
site was monitored by annual field surveys in the period 2017-2021, and
specimens were collected during field surveys in May 2017, June 2019 and
June 2021. The Biosphere Reserve covers a total area of approximately
688 km?; it has been an important conservation area since 1970 and was
declared a UNESCO Biosphere Reserve in 1976 (Ramsar Convention Bureau
2002). It embraces a variety of types of protected South Caspian Sea coastal
habitats, such as coastal sand dunes, shrublands, and salt marshes and all
the sequences of plant communities (Shokri et al. 2004; Ejtehadi et al. 2005;
Asri et al. 2007). Importantly, A. calendula has never been recorded before
in floristic and ecological studies carried out in this Reserve (see Ejtehadi et
al. 2003, 2005; Shokri et al. 2004; Asri et al. 2007; Sharifnia et al. 2007;
Tamartash et al. 2009; Saeidi Mehrvarz et al. 2015; Mahdavi et al. 2017).

The morphological diagnostic traits of this alien species, although it is
often reported as a species complex (McKenzie and Bergh 2018), were
observed both in the field and on plant material collected during the field
surveys. The specimens were identified according to Herman and Retief
(1997), crosschecking other sources, such as Flora Iranica (Rechinger 1972—
1989), Flora of Iran (Assadi et al. 2008-2018), Flora Europaea (Webb 1976),
and McKenzie et al. (2005). All features of the specimens were thoroughly
examined by stereomicroscopy, and the samples were deposited at the
University of Mazandaran Herbarium (HUMZ). The virtual online herbaria
of Vienna (W), Kew (K), and Geneva (G) were also carefully surveyed.

The Euro-Med checklist (Euro+Med 2006), EPPO Global Database
(https://gd.eppo.int/taxon/AROCA/distribution), the Global Register of
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Introduced and Invasive Species — GRIIS (Keshavarzi et al. 2020), and the
Global Biodiversity Information Facility (GBIF.org 2021) were checked to
verify the current known distribution of A. calendula and the absence of
previous records for Iran.

Results
Taxonomy and nomenclature

Arctotheca calendula (L.) Levyns, Journ. South Afr. Bot. 8: 284 (1942)
(Asteraceae)

(Figures 1, 2A-L).

Main synonyms: Arctotis calendula L., Sp. Pl. 2: 922 (1753); Arctotis tristis L., Sp. PL 2: 922
(1753); Arctotis superba L., Cent. PL. II. 32 (1756); Arctotis calendulacea L., Syst. Nat., ed. 12. 2:
578 (1767); Arctotis sulphurea Gaertn., Fruct. Sem. PL. 2(3): 439 (1791); Arctotis speciosa Salisb.,
Prodr. Stirp. Chap. Allerton 209 (1796); Arctotis hypochondriaca Willd., Sp. Pl, ed. 4
[Willdenow] 3(3): 2348 (1803); Cryptostemma calendulaceum (L.) RBr., Hort. Kew., ed. 2
[W.T.Aiton] 5: 141 (1813); Cryptostemma hypochondriacum R.Br., Hort. Kew., ed. 2
[W.T.Aiton] 5: 141 (1813); Cryptostemma runcinatum R.Br., Hort. Kew., ed. 2 [W.T.Aiton] 5:
141 (1813); Cynotis hypochondriaca Hoffmanns, Verz. Pfl.-Kult. Nachtr. 2: 98 (1826);
Alloiozonium arctotideumn Kunze, Linnaea 17(5): 572 (1844); Cryptostemma calendula (L.)
Druce, Bot. Exch. Club Brit. Isles Rep. 3(5): 416 (1914); Arctotheca calendulacea (R.Br.) K.
Lewin, Repert. Spec. Nov. Regni Veg. Beih. 11: 49 (1922).

Specimens examined

IRAN, Mazandaran Province: Behshahr, Miankaleh Biosphere Reserve,
southern coast of the Caspian Sea (Figure 3A), on coastal fixed sand dunes
disturbed by grazing, trampling, soil compaction from heavy transport
vehicles, 14 m b.s.l., 36°52'12.30"N; 53°33'01.70"E, 04 May 2017,
A. Naginezhad and S. Tirgan 9001 (HUMZ!).

Description

Annual herb, up to 26-34 cm high. Stems usually decumbent, ribbed and
soft, with setose hair that is apparently magenta below flowers. Basal leaves
rosette, 24-27 cm long and 5-5.5 cm width, stem leaves alternate. Leaves
lyrate-pinnatisect, irregularly deeply lobed and sharply toothed, slightly
hairy above and whitish, tomentose underside. Inflorescence capitula or
head of solitary flowers, 2-2.5 cm in diameter on hairy stalks approximately
10-21 cm long. The receptacle flat and without chaff, Phyllaries (bracts of
the involucre, the supporting structure below the flower head) strongly in 5
rows, green in colour with membranous margins and backwards curving
tips. The ray flowers 15-20 and sterile. Ray corollas 20 x 2.5-30 x 4 mm
long, pale yellow on upper half, mostly darker yellow below, purple or
greenish at the base. Disk flowers greenish-black, numerous. Cypsela
approximately 2.5 mm long by 1.7 mm wide, the dark brown cypselae egg-
shaped and flat, with the narrow end at the bottom and densely lanate.
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Herbarium of the University of Mazandaran, Babolsar
(HUMZ)

Family: Asteraceae NO. 9001

Name: Arctotheca calendula (L.) Levyns

‘| Loc.: IRAN, Mazandaran Province: Behshahr, Miankaleh
Biosphere Reserve, 36°52'12.30"N, 53°33'01.70"E

Hab.: Disturbed part of coastal fixed dune
-|Alt: 14mb.s.l Date: 04.05.2017

Col.: A. Naginezhad & S. Tirgan

Det.: A. Naginezhad & S. Tirgan

Figure 1. Arctotheca calendula exsiccatum collected in the Miankaleh Biosphere Reserve in
2017 and stored at HUMZ.

The faces rounded, the back arched, with 3 ribs; the outer coat, or testa,
granular and rugose. The persistent pappus with 7-8, 9 chafty scales.
Capeweed is very similar to Gazania linearis Druce and Gazania rigens
Moench, which are very popular ornamental plants, and similar to Arctotheca
populifolia (Bergius) Norl. (beach daisy) and Arctotis stoechadifolia P.J.
Bergiu (white arctotis). These species can be distinguished by the careful
examination of key diagnostic morphological traits of capeweed, such as
elongated deeply lobed (i.e., lyrate-pinnatisect) leaves with green upper
surfaces and whitish hairy undersides and relatively large flower heads.

Invaded sites in Iran

Arctotheca calendula thrives in open grasslands with shrubland patches in
rangelands located along the South Caspian Sea coast (Figure 3A-D). Four
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Figure 2. Arctotheca calendula showing its habit in the field (A) and cultivated (B and C), with a pollinator (bee) on flower-head
(D), ray corolla (E), disc flower and corolla, respectively (F and G), Phyllaries (H and I), densely lanate cypselac (woolly
indumentum teased back to expose the fruit) (J), cypselae backwards and frontwards, respectively (K and L). Photos by Alireza
Naginezhad (A) and by Samereh Tirgan (B-L).
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Figure 3. Map (A) shows the location (green dot) within the Miankaleh Biosphere Reserve, where Arctotheca calendula was
recorded in 2017. The three photos (B, C, D) show a grazing horse in the shrubland (B), the invaded site (C) — a disturbed area of
fixed dunes with grazing buffalos — with a yellow dot pointing at the exact location of the first record, and (D) the close salt marsh
area (D). Site C is located between sites B and D. Photos by Alireza Naqinezhad and Samereh Tirgan.
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rangeland sites were found to be invaded by this species within a radius of
8 km. At each site, small patches ranging in size from 1 to 4 m® were
observed. However, other sites in the Miankaleh Reserve might have been
invaded by this alien species and were not detected during our surveys. The
invaded area is characterized by stabilized sandy soils covered by Punica
granatum shrublands (see Saeidi Mehrvarz et al. 2015). From a
phytosociological perspective, these habitats include several plant associations,
such as Junco littoralis — Punicetum granati, Junco littoralis - Rubetum
sancti, Mespilo germanicae — Punicetum granati, Punicetum granati,
Rhamno pallasii — Punicetum granati, and Rubo sancti — Punicetum granati
(Asri et al. 2007). Despite a dominance of shrubland patches over the area,
these communities also include large grasslands rich in light-adapted and
ruderal plant species such as Erigeron bonariensis L., Pennisetum glaucum (L.)
R.Br., Trifolium sp.pl., Cynodon dactylon (L.) Pers., Anagallis arvensis L.
subsp. arvensis var. arvensis, Veronica sp.pl., Erodium cicutarium (L.) L'Hér.,
Capsella bursa-pastoris (L.) Medik., Sisymbrium officinale (L.) Scop., Juncus
acutus L., Centaurea iberica Trevir. ex Spreng., and Plantago sp.pl.

Discussion

Despite their great importance from the viewpoint of nature conservation
and plant diversity (e.g., Kiani et al. 2017), coastal and sand dune ecosystems
both in Iran and in many other parts of the globe are jeopardized by
different types of disturbance (e.g., grazing, trampling, recreational activities,
urbanization and construction of roads and paths, and invasive alien
plants, e.g., Tordoni et al. 2021). Importantly, both in its native range, in
South Africa, and in the invaded range, capeweed prefers sandy, well-drained
soil, sand dunes, stream banks and rocky outcrops (Wood 1994; Brossard
et al. 2000; Campos et al. 2004; Talavera and Talavera 2015; Hamel et al. 2020).
Similarly, the invaded area in Iran is characterized by stabilized sandy soils.

The population of A. calendula in the Miankaleh Biosphere Reserve of
northern Iran is currently limited to small areas in the Reserve. However,
capeweed is known to have both high reproductive potential and highly
mobile propagules (Lehtonen 2009); additionally, it can develop resistance
to plant protection products (Khalil et al. 2021) so that in the absence of
rapid control interventions and, possibly, eradication, it will establish and
spread further, with negative impacts on natural habitats in this important
coastal Biosphere Reserve. Other well-known invasive traits of A. calendula
are effective wind and water dispersal mechanisms (Dunbabin and Cocks
1999), the ability to develop genotypes featuring variable seed dormancy
and thus fitted to different environmental conditions, and the production
of a high number of seeds in a short lifespan. As a result, this invasive
species can thrive in a wide range of ecological niches (de la Riva et al.
2019; Saldana-Lopez et al. 2021).
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The pathway of introduction of Arctotheca calendula in the Miankaleh
Biosphere Reserve is unknown. However, the Miankaleh Biosphere Reserve
represents a unique habitat for migratory birds. Birds might have acted as
vectors for introduction, and they could act as vectors for secondary spread
(Viana et al. 2013). Furthermore, contaminated forage seeds and hay are
relevant pathways for the potential introduction of alien plants in
rangelands (e.g., Cossu et al. 2020). Moreover, livestock, in particular buffalos
and sheep, have been raised extensively in the Miankaleh Biosphere
Reserve, resulting in modification of the flora and vegetation, which may
promote the establishment of new alien and invasive species (cf. Belsky and
Gelbard 2000). Furthermore, once established, the local dispersal of
Arctotheca calendula can be promoted by wind, livestock and native bird
species movements (Wang et al. 2018; Liu et al. 2021).

As mentioned above, A. calendula can easily become dominant in new
places; it easily covers very large areas and engages in using water resources
in competition with other native species (Brundu et al. 2015). Therefore,
we believe that the occurrence of A. calendula in the northern part of Iran
should be controlled promptly and prioritized for eradication intervention.

Acknowledgements

We wish to thank the two anonymous reviewers and the Editor for their suggestions and
comments, which helped to improve the paper. GB gratefully acknowledges University of
Sassari for the financial support through “Fondo di Ateneo per la Ricerca 2020

Funding declaration

The fieldwork and data collection were partly supported by a master plan proposed by AN to
the University of Mazandaran, Iran, grant no. 18542/33/96. AN thanks the University of Sassari
for the 2019 grant as visiting professor. GB gratefully acknowledges University of Sassari for
the financial support through “Fondo di Ateneo per la Ricerca 2020”. The funders had no role
in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Author’s contribution

ST: has made substantial contributions to research conceptualization, sample design and
methodology, investigation and data collection, data analysis and interpretation, and writing the
original draft; AN: has made substantial contributions to research conceptualization, data
analysis and interpretation, writing, review and editing; GB: has made substantial contributions
to data analysis and interpretation, writing, review and editing.

References

Asri Y, Sharifnia F, Gholami Terojeni T (2007) Plant associations in Miankaleh biosphere
reserve, Mazandaran province (N. Iran). Rostaniha 8(1): 1-16

Assadi M, Maassoumi AA, Khatamsaz M, Mozaffarian V (eds) (2008-2018) Flora of Iran. -
Research Institute of Forests and Rangelands Publication, Tehran, Iran, vol. 59, 77, 144, [in
Persian]

Bazzichetto M, Malavasi M, Bartak V, Acosta ATR, Moudry V, Carranza ML (2018) Modeling
plant invasion on Mediterranean coastal landscapes: An integrative approach using
remotely sensed data. Landscape and Urban Planning 171: 98—106, https:/doi.org/10.1016/
j-landurbplan.2017.11.006

Belsky AJ, Gelbard JL (2000) Livestock grazing and weed invasions in the arid West. Oregon
Natural Desert Association, Portland, 31 pp

Tirgan et al. (2022), Biolnvasions Records 11(3): 600-608, https://doi.org/10.3391/bir.2022.11.3.02 606


https://doi.org/10.3391/bir.2022.11.3.02
https://www.invasivesnet.org
https://doi.org/10.1016/j.landurbplan.2017.11.006
https://doi.org/10.1016/j.landurbplan.2017.11.006

)

&

INVASIVESNET

Invasive Arctotheca calendula in Iran

Brossard CC, Randall JM, Hoshovsky CC (eds) (2000) Invasive plants of California’s
wildlands. University of California Press, Berkeley, 57 pp

Brundu G, Lozano V, Manca M, Celesti-Grapow L, Sulas L (2015) Arctotheca calendula (L.)
Levyns: An emerging invasive species in Italy. Plant Biosystems 149: 954-957,
https://doi.org/10.1080/11263504.2015.1125963

Campos JA, Herrera M, Biurrun I, Loidi J (2004) The role of alien plants in the natural coastal
vegetation in central-northern Spain. Biodiversity and Conservation 13: 2275-2293,
https://doi.org/10.1023/B:BIOC.0000047902.27442.92

Carboni M, Santoro R, Acosta ATR (2010) Are some communities of the coastal dune zonation
more susceptible to alien plant invasion? Journal of Plant Ecology 3: 139-147,
https://doi.org/10.1093/jpe/rtp037

Cossu TA, Lozano V, Stuppy W, Brundu G (2020) Seed contaminants: an overlooked pathway
for the introduction of non-native plants in Sardinia (Italy). Plant Biosystems 154: 843-850,
https://doi.org/10.1080/11263504.2019.1701123

de la Riva EG, Godoy O, Castro-Diez P, Gutiérrez-Canovas C, Vila M (2019) Functional and
phylogenetic consequences of plant invasion for coastal native communities. Journal of
Vegetation Science 30: 510-520, https://doi.org/10.1111/jvs.12748

Dunbabin MT, Cocks PS (1999) Ecotypic variation for seed dormancy contributes to the
success of capeweed (Arctotheca calendula) in Western Australia. Australian Journal of
Agricultural Research 50: 1451-1458, https://doi.org/10.1071/AR99001

Ejtehadi H, Amini T, Kianmehr H, Assadi M (2003) Floristical and chorological studies of
vegetation in Myankaleh wildlife refuge, Mazandaran province, Iran. Iranian International
Journal of Science 4: 107-120

Ejtehadi H, Amini T, Zare H (2005) Importance of vegetation studies in conservation of
wildlife: a case study in Miankaleh wildlife refuge, Mazandaran province, Iran. Environmental
Science 3(3): 53-58

Euro+Med (2006) Euro+Med Plant Base the information resource for Euro-Mediterranean plant
diversity. http://www.bgbm.org/EuroPlusMed/ (accessed 15 September 2021)

GBIF.org (2021) GBIF Occurrence Download. https://www.gbif.org (accessed 15 September 2021)

Hamel T, Azzouz Z, Bellili AM, Boutabia L, Telailia S (2020) L’arctothéque souci (Arctotheca
calendula): une nouvelle espéce exotique pour la flore algérienne. Flora Mediterranea 30:
137-142, https://doi.org/10.7320/FIMedit30.137

Herman PPJ, Retief E (1997) Plants of the northern provinces of South Africa: keys and
diagnostic characters. Strelitzia 6: 1-681

Keshavarzi M, Wong LJ, Pagad S (2020) Global Register of Introduced and Invasive Species -
Iran. Version 1.2. Invasive Species Specialist Group ISSG. Checklist dataset. https:/doi.org/
10.15468/rv1xag (accessed 24 November 2021)

Khalil Y, Ashworth MB, Han H, Qin Y, Rocha RL, Pritchard B, Cameron D, Beck HJ (2021)
Identification of the first glyphosate-resistant capeweed (Arctotheca calendula) population.
Pest Management Science 77: 2568-2575, https://doi.org/10.1002/ps.6295

Kiani M, Mohammadi S, Babaei A, Sefidkon F, Naghavi MR, Ranjbar M, Razavi SA, Saeidi K,
Jafari H, Asgari D, Potter D (2017) Iran supports a great share of biodiversity and floristic
endemism for Fritillaria spp. (Liliaceae): A review. Plant Diversity 39: 245-262,
https://doi.org/10.1016/j.p1d.2017.09.002

Lehtonen P (2009) Weed risk assessment for Arctotheca calendula (L.) Levyns capeweed. US
Department of Agriculture, Riverdale, UT, 21 pp

Liu B, Wang G, An Y, Xue D, Wang L, Lu C (2021) Similar seed dispersal systems by local
frugivorous birds in native and alien plant species in a coastal seawall forest. PeerJ 9:
el1672, https://doi.org/10.7717/peerj. 11672

Mahdavi P, Isermann M, Bergmeier E (2017) Sand habitats across biogeographical regions at
species, community and functional level. Phytocoenologia 47: 139—165, https://doi.org/10.
1127/phyto/2017/0127

McKenzie RJ, Bergh NG (2018) Proposal to conserve the name Arctotis calendula (Arctotheca
calendula) against Arctotis tristis (Arctotheca tristis) (Asteraceae: Arctotideae). Taxon 67:
813-814, https://doi.org/10.12705/674.18

McKenzie RJ, Samuel J, Muller EM, Skinner AKW, Barker NP (2005) Morphology of cypselae
in subtribe Arctotidinae (Compositae-Arctotideae) and its taxonomic implications. Annals
of the Missouri Botanical Garden 92(4): 569-594

McKenzie RJ, Muller EM, Skinner AKW, Karis PO, Barker NP (2006) Phylogenetic relationships
and generic delimitation in subtribe Arctotidinae (Asteraceae: Arctotideae) inferred by
DNA sequence data from ITS and five chloroplast regions. American Journal of Botany 93:
1222-1222, https://doi.org/10.3732/ajb.93.8.1222

Medina N (2006) Arctotheca calendula (L.) Levyns; Asteraceae (Compositae); invasive species
on sandy soils in Araucania region (IX), Chile. Chloris Chilensis-Revista Chilena de Flora
y Vegetacion 9(1)

Morelli TL, Brown-Lima CJ, Allen JM, Beaury EM, Fusco EJ, Barker-Plotkin A, Laginhas BB,
Quirion BR, Griffin B, McLaughlin B, Munro L, Olmstead N, Richburg J, Bradley BA
(2021) Translational invasion ecology: bridging research and practice to address one of the

Tirgan et al. (2022), Biolnvasions Records 11(3): 600-608, https://doi.org/10.3391/bir.2022.11.3.02 607


https://doi.org/10.3391/bir.2022.11.3.02
https://www.invasivesnet.org
https://doi.org/10.1080/11263504.2015.1125963
https://doi.org/10.1023/B:BIOC.0000047902.27442.92
https://doi.org/10.1093/jpe/rtp037
https://doi.org/10.1080/11263504.2019.1701123
https://doi.org/10.1111/jvs.12748
https://doi.org/10.1071/AR99001
http://www.bgbm.org/EuroPlusMed/
https://www.gbif.org/
https://doi.org/10.7320/FlMedit30.137
https://doi.org/10.15468/rv1xag
https://doi.org/10.15468/rv1xag
https://doi.org/10.1002/ps.6295
https://doi.org/10.1016/j.pld.2017.09.002
https://doi.org/10.7717/peerj.11672
https://doi.org/10.1127/phyto/2017/0127
https://doi.org/10.1127/phyto/2017/0127
https://doi.org/10.12705/674.18
https://doi.org/10.3732/ajb.93.8.1222

)

&

INVASIVESNET

Invasive Arctotheca calendula in Iran

greatest threats to biodiversity. Biological Invasions 23: 3323-3335, https://doi.org/10.1007/
s10530-021-02584-7

Pysek P, Hulme PE, Simberloff D, Bacher S, Blackburn TM, Carlton JT, Dawson W, Essl F,
Foxcroft LC, Foxcroft P, Jeschke JM, Kiihn I, Liebhold AM, Mandrak NE, Meyerson LA,
Pauchard A, Pergl J, Roy HE, Seebens H, van Kleunen M, Vila M, Wingfield MJ,
Richardson DM (2020) Scientists’ warning on invasive alien species. Biological Reviews
95: 1511-1534, https://doi.org/10.1111/brv.12627

Rai PK, Singh JS (2020) Invasive alien plant species: Their impact on environment, ecosystem
services and human health. Ecological Indicators 111: 106020, https:/doi.org/10.1016/j.
ecolind.2019.106020

Ramsar Convention Bureau (2002) Climate change and wetlands: impacts, adaptations and
mitigation. In: Ramsar COP8 DOC. 11. Ramsar Convention Bureau, Gland, Switzerland, pp 1-56

Rechinger KH (ed) (1972-1989) Flora Iranica. Vols 90, 122, 139, 158, 164 - Academische
Druck Verlagsanstalt, Graz, 1794 pp

Saeidi Mehrvarz SH, Naginezhad AR, Kazemi Gorji Z (2015) The study of variation of
vegetation and plant diversity in coastal habitats of Miankaleh Biosphere Reserve using
ecological transects. Journal of Natural Environment 68: 6782

Saldana-Lopez A, Vila M, Lloret F, Manuel Herrera J, Gonzalez-Moreno P (2021) Assembly of
species’ climatic niches of coastal communities does not shift after invasion. Journal of
Vegetation Science 32: €12989, https://doi.org/10.1111/jvs.12989

Sharifnia F, Asri Y, Gholami Terojeni T (2007) Plant diversity in Miankaleh biosphere reserve
(Mazandaran province) in north of Iran. Pakistan Journal of Biological Science 10: 1723—
1727, https://doi.org/10.3923/pjbs.2007.1723.1727

Shokri M, Safaian N, Ahmadi MZT, Amiri BJ (2004) A second look on biogeographical
province of Miankaleh biosphere reserve. Applied Ecology and Environmental Research 2:
105117, https://doi.org/10.15666/aeer/02105117

Talavera M, Talavera S (2015) 40. El género Arctotheca Vaill. (Arctotideae, Compositae) en la
Peninsula Ibérica y Baleares. Acta Botanica Malacitana 40: 311-322, https://doi.org/10.
24310/abm.v40i0.2555

Tamartash R, Rouhi F, Tatian M (2009) The comparison of plant species diversity in understory
Ramnus-Punica and grazed area (case study: Miankaleh of Behshahr). American. Eurasian
Journal of Agricultural and Environmental Science 6(6): 670-674

Tordoni E, Bacaro G, Weigelt P, Cameletti M, Janssen JAM, Acosta ATR, Bagella S,
Filigheddu R, Bergmeier E, Buckley HL, Ciccarelli D, Forey E, Hennekens SM, Lubke RA,
Mahdavi P, Peet RK, Peinado M, Sciandrello S, Kreft H (2021) Disentangling native and
alien plant diversity in coastal sand dune ecosystems worldwide. Journal of Vegetation
Science 32: €12961, https://doi.org/10.1111/jvs.12961

UNESCO (2021) Ecological Sciences for Sustainable Development. http:/www.unesco.org/new/en/
natural-sciences/environment/ecological-sciences/biosphere-reserves/asia-and-the-pacific/islamic-republic-
of-iran/ (accessed 14 November 2021)
Verloove F, Sanchez Gullon E (2008) New records of interesting xenophytes in the Iberian
Peninsula. Acta Botanica Malacitana 33: 147-167, https://doi.org/10.24310/abm.v33i0.6978
Viana DS, Santamaria L, Michot TC, Figuerola J (2013) Allometric scaling of long-distance
seed dispersal by migratory birds. The American Naturalist 181: 649—662, https://doi.org/10.
1086/670025

Vila M, Espinar JL, Hejda M, Hulme PE, Jarosik V, Maron JL, Pergl J, Schaffner U, Sun y,
Pysek P (2011) Ecological impacts of invasive alien plants: a meta-analysis of their effects
on species, communities and ecosystems. Ecology Letters 14: 702—708, https://doi.org/10.
1111/5.1461-0248.2011.01628.x

Wang W, Sardans J, Wang C, Zeng C, Tong C, Chen G, Huang J, Pan H, Peguero G, Vallicrosa
H, Pefiuelas J (2018) The response of stocks of C, N, and P to plant invasion in the coastal
wetlands of China. Global Change Biology 25: 733—743, https://doi.org/10.1111/gcb.14491

Webb DA (1976) Arctotheca. In: Tutin TG, Heywood VH, Burges NA, Valentine DH, Walters
SM, Webb DA (eds), Flora Europaea, Vol. 4. Cambridge, London, New York, Melbourne,
p 127

Williams LK, Sindel BM, Kristiansen P, Wilson SC, Shaw JD (2019) Assessing the efficacy
and impact of management of an invasive species in a protected area: Poa annua on
sub-Antarctic Macquarie Island. Weed Research 59: 180-190, https:/doi.org/10.1111/wre.12355

Wood H (1994) The introduction and spread of capeweed, Arctotheca calendula (L.) Levyns
(Asteraceae) in Australia. Plant Protection Quarterly 9(3): 94-100

Tirgan et al. (2022), Biolnvasions Records 11(3): 600-608, https://doi.org/10.3391/bir.2022.11.3.02 608


https://doi.org/10.3391/bir.2022.11.3.02
https://www.invasivesnet.org
https://doi.org/10.1007/s10530-021-02584-7
https://doi.org/10.1007/s10530-021-02584-7
https://doi.org/10.1111/brv.12627
https://doi.org/10.1016/j.ecolind.2019.106020
https://doi.org/10.1016/j.ecolind.2019.106020
https://doi.org/10.1111/jvs.12989
https://doi.org/10.3923/pjbs.2007.1723.1727
https://doi.org/10.15666/aeer/02105117
https://doi.org/10.24310/abm.v40i0.2555
https://doi.org/10.24310/abm.v40i0.2555
https://doi.org/10.1111/jvs.12961
http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/asia-and-the-pacific/islamic-republic-of-iran/
http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/asia-and-the-pacific/islamic-republic-of-iran/
http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/asia-and-the-pacific/islamic-republic-of-iran/
https://doi.org/10.24310/abm.v33i0.6978
https://doi.org/10.1086/670025
https://doi.org/10.1086/670025
https://doi.org/10.1111/j.1461-0248.2011.01628.x
https://doi.org/10.1111/j.1461-0248.2011.01628.x
https://doi.org/10.1111/gcb.14491
https://doi.org/10.1111/wre.12355


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /RUS <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



